The small-scale bipolar jets having short dynamical ages from "water fountain (WF)" sources are regarded as an indication of the onset of circumstellar envelope morphological metamorphosis of intermediate-mass stars. Such process usually happens at the end of the asymptotic giant branch (AGB) phase. However, recent studies found that WFs could be AGB stars or even early planetary nebulae. This fact prompted the idea that WFs may not necessarily be objects at the beginning of the morphological transition process. In the present work, we show that WFs could have different envelope morphologies by studying their spectral energy distribution profiles. Some WFs have spherical envelopes that resembles usual AGB stars, while others have aspherical envelopes which are more common to post-AGB stars. The results imply that WFs may not represent the earliest stage of the morphological metamorphosis. We further argue that the dynamical age of a WF jet, which can be calculated from maser proper motions, may not be the real age of the jet. The dynamical age cannot be used to justify the moment when the envelope begins to become aspherical, nor to tell the concrete evolutionary status of the object. A WF jet could be the innermost part of a larger well-developed jet, which is not necessarily a young jet.
INTRODUCTION
Planetary nebulae (PNe) that evolved from stars with masses about 1-8 M⊙ have different morphologies, such as spherical, bipolar, or even multi-polar (see, Kwok 2010 , for a review). On the contrary, their progenitors, the mass-losing asymptotic giant branch (AGB) stars, are mostly just spherical in terms of their circumstellar envelopes (or envelopes). A vast change in morphology is expected to have happened in between the AGB and PN phases, which is called the post-AGB phase. It is suggested that high velocity jets emerged from late/post-AGB stars play a key role in shaping PNe (Sahai & Trauger 1998; Sahai & Patel 2015) . Nonetheless, the exact jet formation mechanism and the jet-envelope interaction process are still unclear. While larger bipolar structures likely resulting from jets can be observed in infrared or optical images (e.g., Lagadec et al. 2011; Siódmiak et al. ⋆ E-mail: byung@ncac.torun.pl (BHKY) 2008; Sahai et al. 2007) , some jets can only be revealed by interferometric observation of molecular lines such as CO. The spatial extent of such molecular jets could reach to a few thousands AU from the star, e.g., ∼6000 AU for the post-AGB star IRAS 08005−2356 (Sahai & Patel 2015) , with velocity >100 km s −1 . Some molecular outflows (jets or torii) were also observed occasionally in AGB stars, e.g., V Hydrae (Hirano et al. 2004 ) and X Herculis (Nakashima 2005 ).
In the case of oxygen-rich stars, which are evolved stars with more oxygen than carbon in the envelopes, there are a type of objects called the "water fountains (WFs)" that have relatively "tiny" collimated jets traced by 22 GHz H2O maser emission (see , Imai 2007; Desmurs 2012 , for reviews on WFs). The spatial extent of WF jets is usually relatively small, which is of order 10 2 -10 3 AU (e.g., Imai et al. 2002; Boboltz & Marvel 2007; Day et al. 2010; Yung et al. 2011) . These jets are characterized by the large spectral velocity coverage (usually >50 km s −1 ) of H2O maser emission, which exceeds the usual 1612 MHz OH maser coverage (≤25 km s −1 , te Lintel Hekkert et al. 1989) . WFs are relatively rare as there are only 16 confirmed examples known to date, plus a few candidates reported in Yung et al. (2013 Yung et al. ( , 2014 and Gómez et al. (2015a) . There are several possible reasons for why they are rare. Gómez et al. (2015a) suggests that the WF phenomenon may in fact not that uncommon, but the maser emission from most of those objects are too weak to be detected; the exact mechanism is unknown but it could be related to the masses of the star progenitors. Another reason is related to the viewing angle to the jet as explored in Yung et al. (2013) : even if the jet velocity is high, when the jet orientation is rather edge-on, the H2O maser velocity coverage may still be smaller than that of the corresponding OH maser due to projection. Chemical bias could also be a reason because we are focusing only on Oxygen-rich stars, and there is currently no way to observe WF-equivalence for carbon-rich stars.
The dynamical ages of WF jets are found to be very short (≤100 years, Imai 2007) . Together with the small jet sizes, most of the WFs are thought to be objects at the beginning stage of the morphological transition, which usually happens at the early post-AGB phase (e.g, Suárez et al. 2008; Walsh et al. 2009; Day et al. 2010; Desmurs 2012) . However, even though a majority of the WFs are very likely to be post-AGB stars, e.g., IRAS 16342−3814 (Sahai et al. 1999) , IRAS 18113−2503 (Gómez et al. 2011 ), IRAS 18286−0959 (Yung et al. 2011 , and IRAS 18455+0448 (Vlemmings et al. 2014) , there are some clear exceptions. W 43A shows flux variation in OH maser with a period of 400 days, which is caused by the periodic variation in infrared emission due to envelope pulsation (Herman & Habing 1985; Imai et al. 2002) . SiO maser is also detected toward this object (Nakashima & Deguchi 2003) . These indicates that W 43A might be still in the AGB phase. On the other hand, IRAS 15103−5754 is suggested to be a PN candidate but it also exhibits WF characteristics (i.e. high velocity H2O maser emission). The detection of Ne II emission line and free-free continuum emission give evidence to the PN status, making this object the first WF-PN ever found (Suárez et al. 2009; Lagadec et al. 2011; Gómez et al. 2015b ). Given the above exceptions, it is suspected that the WF-type objects are not necessarily in the short early post-AGB phase or transitional phase. They may also not representing the onset of the morphological metamorphosis of the AGB envelopes. Furthermore, the relationship between the WF maser jets, the larger-scale molecular jets, and the ultimate large bipolar feature visible in infrared, is not known.
To find out the role of WF jets in such morphological changing process, one way is to examine whether there is a direct correlation between the WF jets and the envelope morphology of the WF sources. This can be done by looking at the infrared spectral energy distributions (SEDs). It is because the SED profile can give constraints to the possible envelope morphology of an AGB/post-AGB star. In this paper, SEDs of the known WFs are presented together with dust radiative transfer models. However, the main goal here is to explore whether the dust envelopes of WFs have departed from spherical symmetry, but not the deep interpretation of the model parameters. Some of the WFs are shown to have aspherical structures under high resolution infrared images (e.g., Lagadec et al. 2011 ; Ramos-Larios et al.
2012)
, nonetheless a number of them may still have spherical envelopes. This work is also the first attempt to study WF envelopes collectively by radiative transfer models. This simple but effective approach will be useful in the future for statistical studies of stellar maser sources, which will be detected with new telescopes such as the Square Kilometre Array (SKA) and the Five hundred metre Aperture Spherical Telescope (FAST ). The data size resulted from these anticipated maser surveys will be huge, and hence developing quick analysis approaches is very meaningful.
The data and SED analysis are described in Section 2. The results and interpretations are given in Section 3, followed by the discussion in Section 4. Finally, the conclusions are presented in Section 5.
SED ANALYSIS

Method
PNe are visible in optical and hence morphological classification can be made from optical images (e.g., Ueta et al. 2000) . On the contrary, AGB and some post-AGB stars are optically opaque due to their thick envelopes, and the detailed envelope structures are mostly visible in infrared wavelengths. Therefore, in this study we focus on the infrared SED data. The main concern here is whether WFs have spherical or aspherical (infrared) envelopes, hence an one-dimensional radiative transfer code is chosen for this analysis. However this is not a very "standard" radiative transfer analysis. In our case the obtained parameters are not of our greatest interest, instead we focus on whether the models are "fit" or "unfit" to the SED profiles.
The SED of an AGB/post-AGB star with clear aspherical envelope is unlikely to be reproduced by one-dimensional models. However, to confirm whether there is really no good fits for an SED is not so straightforward. It is because the SED profile shape is affected not only by the envelope morphology, but also by the stellar temperature, chemistry and the number of dust components, etc. In order to be sure that a certain SED cannot be fit, in principle we have to explore all physically possible combinations of the parameters. Nonetheless this is practically not feasible, therefore specific cases would be examined to help excluding some less sensitive parameters (more in Section 2.3). After that we can be more confident that the "unfit" SEDs are associated with aspherical envelope morphology, but not due to other parameters. If WFs could have both spherical and aspherical envelopes, then it means that not all of them are at the same (early) stage of the morphology changing process.
To justify the effectiveness of this fitting method, six standard AGB stars and six characteristic post-AGB stars were also included in our sample as control for making comparison (more in Section 2.4). Majority of the AGB stars are expected to have spherical envelopes, but there are also a few clear exceptions due to the existence of (early) jets, such as V Hydrae (Hirano et al. 2004 ), X Herculis (Nakashima 2005) , and CIT 6 (e.g., Monnier et al. 2000) . Aspherical features are more commonly found in post-AGB stars. It is expected that good SED fits can be obtained from the onedimensional code for most of the spherical AGB stars, but not always for the post-AGB stars (more in Section 2.4).
We believe that if some meticulous manipulation is done on the parametric values it might be possible to fit SEDs of aspherical objects even with one-dimensional models, but this does not mean the solution is really physical. We try to avoid such over-manipulation by limiting our fitting using the three defining parameters.
Data Retrieved
The research targets include 17 objects. They are either known WFs to which the existence of bipolar jets has been confirmed by interferometric observations, or WF candidates with possible AGB/post-AGB evolutionary status that show WF spectral characteristic in single-dish observations (i.e. velocity coverage of H2O maser is larger than that of OH maser). In this paper these objects are all treated as "WFs". The object list with corresponding references is given in Table 1.
The infrared photometric data (from 1.25 to 160 µm) used to construct the SEDs were collected from the point source catalogues of Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006) , Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010) , Infrared Astronomical Satellite (IRAS, Neugebauer et al. 1984) , Midcourse Space Experiment (MSX, Egan et al. 2003), and AKARI (Kataza et al. 2010; Yamamura et al. 2010) . More data were obtained from the images taken by the Infrared Array Camera (IRAC, Fazio et al. 2004 ) and the Multiband Imaging Photometer for Spitzer (MIPS, Rieke et al. 2004 ) mounted on the Spitzer Space Telescope. The way of doing photometry on these images is described in Hsia & Zhang (2014) . All the above data are presented in Appendix A.
For W 43A, we have additional sub-millimetre flux data obtained by the Very Large Array (VLA): 4.02 mJy at 7 mm (Imai et al. 2005) , new observation results from the Berkeley Illinois Maryland Association (BIMA) Millimeter Array, Nobeyama Millimetre Array (NMA), and the Jansky-VLA (JVLA, upgraded version of the original VLA), which covers the wavelengths from about 1.3 mm to 30 mm. The BIMA observations (project code: t817d229) were conducted on 7 and 12 September 2003 with the Darray. Uranus and MWC 349 were used as flux calibrators, and 1751+096 as phase calibrator. Calibration and image synthesis were done with MIRIAD was used as the phase calibrator for X-and K-bands, and J185146.7+003532 for Q-band. OT081 was used as the bandpass and flux calibrators for K-and Q-bands, and 3C286 for X-band. Calibration and image synthesis of the NMA data were done with AIPS 2 , while for the JVLA data, CASA Table A7 . We understand that there may exist other photometric/spectral data for some of the objects, however, the above data are sufficient to construct unambiguous SEDs, which is good enough for our scientific purpose. Our focus is on the general profile shape of the SEDs, but not the detailed chemistry of the line features. The effect of interstellar extinction are known to be significant especially toward the direction near to the Galactic plane and bulge. Such effect is prominent for shorter wavelengths. Thus, for data with wavelengths shorter than 8 µm, correction on interstellar extinction is necessary. The method used is described in Howarth (1983) , and the required extinction coefficient for each object were determined from the Galactic reddening maps given by Schlegel et al. (1998) and Schlafly & Finkbeiner (2011) . The extinction values A(V) are listed in Table A1 .
One-Dimensional Radiative Transfer Modelling
The one-dimensional dust radiative transfer models that used to fit the SEDs were generated by the DUSTY code (Ivezić et al. 1999) . As mentioned before, even though it is not possible to literally consider all combinations of different parameters, we tried to justify the most important ones for our purpose by performing specific tests. At the end we are left with three running parameters (see below). We assumed that the only radiation source was coming from a point-source in the centre of the spherical envelope. The SEDs from the central point sources were taken to be Planckian (i.e., black body curves). We once thought that ultra-violet (UV) emission was detected from two of our WFs (IRAS 16552−3050 and OH 16.3−3.0) when we were searching through the source catalogue 4 of the Galaxy Evolution Explorer (GALEX ). The UV emission might be in principle coming from, e.g., a hot binary component such as a white dwarf, and such binary systems are not rare. However, it is now confirmed that the UV detections are not associated with our two WFs because the separations are too large (>0.5 ′ ), and there exists other sources which are more likely to be the host of the UV emission. The detected UV fluxes also seem to be unreasonably large if we assume a typical case of a binary including a white dwarf. No other obvious sign of binary components were observed from our samples according to our data, hence the single point-source model remains more reasonable. Note that we are not excluding binary cases here, but with our current data we do not intend to over-interpret this idea. Some possible cases with hot companions are mentioned though (Sections 3 and 4).
The grain type with 50% warm (Sil-Wc) and 50% cold (Sil-Oc) silicates was chosen (Ossenkopf et al. 1992) . While AGB stars consist of envelops with warmer dust, the detached envelops of post-AGB stars would have colder dust. Since we were uncertain about the exact situation of each case, we took the 50/50 assumption. In fact, we have tested Lagadec et al. (2011) or from the WF reference papers. Envelopes showing extended aspherical features are denoted by "As", unresolved envelopes are denoted by "Un". b SED profiles that can be fit by DUSTY models are classified into single-peaked "S" or double-peaked "D". The extra "?" indicates that the SEDs are marginally fit by the models. For the profiles that cannot be fit, many of those belong to two categories, those with near-infrared excess "NE" comparing to the models, and those with near-infrared deficit "ND". See Section 3.1 for details. 1-10 1 that within our temperature ranges (see Table 2 ), this warmcold ratio has minimal effect to the SED profile shape. More warm dust would shift up the model curve in mid-infrared by less than a few percent, but still keeping the curve shape quite precisely. We judge that this small shift does not affect much because once again our main goal is not to determine very accurately the physical conditions of the dust envelopes, but to see whether obtaining a reasonable good fit is possible or not. The grain size distribution was set to follow the standard Mathis-Rumpl-Nordsieck (MRN, Mathis et al. 1977) power law. Regarding the analytical profiles, we selected the DUSTY option which supposed the envelope expansion was driven by radiation pressure on the dust grains. This was suitable for the case of mass-losing stars. The analytic approximation for radiatively driven winds was used, where the variation of flux-averaged opacity with radial distance was assumed to be negligible, so that the hydrodynamics equations could be solved analytically. This approximation offered the advantage of a much shorter run time, and it was suggested to be suitable for most AGB stars (Ivezić et al. For the triangles and crosses, red colour is used for the data points without correction on interstellar extinction, and blue colour is used for the data points with correction applied. The black curves represent the best-fit model with the DUSTY code (see text for details). For the cases where good fits are available, "S" denotes a single-peaked profile, "D" denotes a double-peaked profile, an extra "?" means the SED is marginally fit by the model. For the cases without good fits, "NE" denotes those with near-infrared excess, and "ND" denotes near-infrared deficit in the profile.
1999). The envelope thickness was assumed to be 10,000 times of its inner radius. We also tested that even changing this ratio up to 40% would have a negligible change to our model curves. Three running parameters remained for the DUSTY code under the above considerations, namely the effective temperature of the central radiation source (T eff ), the dust temperature at the inner envelope boundary (T d ), and the optical depth at 2.2 µm (τ2.2). To find the best fit models for the SEDs, we generated a model grid with all combination of the three parameters within defined numerical ranges. The setting on the ranges and steps for each parameter is given in Table 2 . The closest fit was obtained by minimizing the sum-of-squares of the flux deviations between the observed data points and the model curves (with appropriate scaling). Generally speaking, in our cases the good fits are those that have the least sum-of-square values ∼10 −13 . Note that in some marginally fit cases, or when multiple fit solutions seem plausible, the best fits have to be finally determined qualitatively by eye. For instant, we have to see if the model can reproduce the key features of an SED line shape, such as the number of peaks and general changes of slopes. Even when the data points are a bit off from the model curve, it could still be considered as a good fit if the above general important features are reproduced. These cases will be discussed in Section 3. 
Justification with Control Objects
Some control objects were used to test whether the DUSTY models were sensitive enough to distinguish spherical and aspherical envelopes. We mainly selected AGB and post-AGB stars with known envelope morphologies (e.g., from high resolution infrared images) and reasonably enough photometric data points for SED construction. These objects were found in roughly the same R.A. range of the WFs, as to minimize the effect from any possible position-dependent factors, e.g., to avoid huge differences in the galactic dust extinction toward the sources. Such extinction will affect the SED data in the near-infrared range (Section 2.2). There is usually no high resolution images of typical spherical AGB stars, therefore we selected such control objects from the SiO maser sources. Our control AGB stars all exhibit a sharp single-peaked SiO maser feature (Nakashima & Deguchi 2003) . This is a good evidence showing that the corresponding envelopes are spherical, because this type of maser spectral profile is produced when the masers are tangentially amplified in the spherical envelope. For the control post-AGB stars, IRAS 07134+1005 is suggested to have a geometrically thick expanding torus (Nakashima et al. 2009 ); IRAS 22272+5435 is so far best interpreted as a system consists of spherical wind, torus, and a jet interacting with ambient materials (Nakashima et al. 2012) . The aspherical structures of both objects have been revealed via interferometric observations of the CO line. The other four post-AGB stars were selected from the infrared image catalogue presented in Lagadec et al. (2011) . Both IRAS 17534+2603 and IRAS 20547+0247 are unresolved objects which could either mean they are spherical or they are too far away. OH 231.8+4.2 and IRAS 17441−2441 show aspherical features on the images. Table 1 (Column 4) lists the morphologies of all the control objects.
The DUSTY models used and the fitting procedures for the control objects were the same as those for the Table 3 . DUSTY parameters of each object which has a good model fit for the SED (See Table 1 ).
Object
Profile WFs. The only exceptions were IRAS 07134+1005 and IRAS 22272+5435. Owing to their carbon-rich nature, the grain type of 90% amorphous carbon (Hanner 1988 ) and 10% SiC (Pegourie 1988 ) was used instead of silicates for their DUSTY models. We have confirmed that as long as the optical depth is not too large (e.g., τ2.2 < 1), the emission features of carbonaceous compounds will not be prominent and hence the SED profile shape between the carbon-or oxygen-rich envelopes are very similar.
RESULTS AND INTERPRETATIONS
Types of Profiles
There are mainly three types of SED profiles.
(1) The envelope is spherical and the SED can be fit by a DUSTY model with either a single-peaked (denoted by "S" in Tables 1 and 3 ) or double-peaked ("D") profile. A singlepeaked profile means the envelope is not detached, e.g., in cases of usual AGB stars. A double-peaked profile means the envelope is detached, which is a characteristic of post-AGB stars. In such a case the near-infrared peak is mainly contributed by the reddened photosphere of the central star, and the far-infrared peak is attributed to the cold dust in the detached envelope (Kwok 1993) .
(2) Some data points in mid-to far-infrared range can be fit by DUSTY, but the near-infrared data cannot be fit. Each of these SEDs either has near-infrared flux deficit ("ND") or excess ("NE") when comparing to the corresponding closest model curves. According to Lagadec et al. (2011) , the nearinfrared excess could be caused by the emission from hot dust close to the star, and the envelope of such star is likely bipolar; the near-infrared deficit could be a result of a thick torus that absorb radiation. In both cases the envelopes are aspherical and hence no good fits can be obtained for the entire SEDs.
(3) This type of SEDs is similar to (2). The major difference is that in this case the near-infrared data points are not too reliable due to heavy interstellar extinction, hence it is difficult to judge whether they have infrared excess or deficit. These envelopes are also likely aspherical.
Control Objects
All of our control AGB stars exhibit a single-peaked SED profile and good fits could be obtained from DUSTY models (Figure 1 ). Table 3 gives the corresponding DUSTY parameters. The maximum flux is found in the near-infrared region, at about 2 µm. This is common for AGB stars according to previous studies (e.g., Groenewegen 1995) . The temperatures for the best-fit models are: 2000 K ≤ T eff ≤ 2400 K; 400 K ≤ T d ≤ 800 K. The optical depths (τ2.2) are mostly between 0.1-0.5. Usually the larger the optical depth is, the more prominent the 9 µm silicate emission feature is.
For the control post-AGB stars, there are no good fits for the SEDs of IRAS 07134+1005, OH 231.8+4.2, and IRAS 17441−2411 (Figure 2 ). This is not unexpected because their envelopes are aspherical as shown in the infrared image catalogue from Lagadec et al. (2011) . IRAS 17534+2603 and IRAS 20547+0247 are two unresolved objects from the same catalogue which means they could have spherical envelopes or they are too far away. Both SEDs could be marginally fit by DUSTY with single-peaked models. It is possible that their envelopes have just started to depart from spherical symmetry, and hence the aspherical features are not revealed in images. IRAS 22272+5435 is the only post-AGB star with a good fit here. The obtained effective temperature (T eff = 8200 K) is higher than the AGB stars, but the dust temperatures (T d = 200 K) is lower. This is expected for a post-AGB star where the central star is becoming hotter, while the detached dust envelope is expanding and becoming cooler. The obtained temperatures are similar to some post-AGB stars modelled by DUSTY as presented in Surendiranath et al. (2002) . The best fit optical depth is τ2.2 = 0.01. Note that our T eff is higher than the result from Szczerba et al. (1997) , where they got T eff = 5300 K. The discrepancy is mainly due to the different extinction values used, which affects the fluxes in short wavelengths that constraint the stellar temperature. Szczerba et al. (1997) adopted A(V) = 1.0 and 2.0, while we estimated A(V) = 5.537. Since this object is known to have aspherical envelope features revealed by CO (see Section 2.4), so it may seem odd that a good fit is available, in particular when comparing with the similar case IRAS 07134+1005. This can actually be explained by the fact that, via CO emission the existence of a spherical shell is predicted and the torus found in this object is several times smaller than that in IRAS 07134+1005 (Nakashima et al. 2012) . Hence it is likely that the molecular distribution in the outer envelope of IRAS 22272+5435 still remains mostly undisturbed, but this is not the case for IRAS 07134+1005. As a result, it can be seen that that our method is in general able to reproduce known results quite accurately: good fits for spherical envelopes, but not for aspherical envelopes. Nonetheless, we notice that the SEDs of envelopes with aspherical features could sometimes still be reproduced by one-dimensional models, depending on how large and significant the aspherical features are. Therefore the logic is that, if a good fit is obtained then it is very likely that the envelope is spherical though it is not guaranteed; however, if no good fit could be obtained then it is quite certain that the envelope is really aspherical, upon some restrictions discussed in Section 2.3.
Water Fountains
Overview
The 17 WFs or WF candidates show a variety of SED profiles. (Table 1 ). Good DUSTY fits are obtained for four WF SEDs, and they are classified into two categories: singlepeaked or double-peaked profile. Two of the SEDs could be fit by single-peaked model curves (OH 12.8−0.9, and IRAS 18455+0448). These two objects are found to be relatively young WF members, i.e., AGB or early post-AGB stars. Another two WFs could arguably be fit by doublepeaked curves (IRAS 18113−2503 and IRAS 19356+0754) . These are likely to be post-AGB stars. Some of the data points in these cases seem deviate from the model curves, but we notice that the curves still reasonably reproduce the SED line shapes, thus we treat them as cases that are fit.
On the other hand, as mentioned in Section 1, a number of WFs are known to have bipolar structures from infrared images. Those are the cases that could not be fit by DUSTY, as expected. For these 13 SEDs without good fits, more than a few of them share a similarity: there is a peak at mid-to far-infrared range that could be fit by DUSTY, but the nearinfrared data cannot be fit. Each of these particular SEDs either has near-infrared deficit or excess when comparing to the corresponding closest model curves. All these cases without good fits are likely to be post-AGB stars with aspherical envelope features. Note again that there is strong near-infrared extinction toward some objects, and for those cases the fits are also not reliable.
Some objects have different flux values from similar wavelength bands. A major reason is the difference in measured aperture size adopted from different instruments accounting for those bands. Another possible reason is that those objects may have a certain degree of variability. Nonetheless, we found that the small deviations do not affect our fitting results when there are enough data points for constructing the SEDs.
Column 4 of Table 1 gives the morphologies of the objects according to infrared images, if any; Column 5 gives a summary on whether the objects could be fit, and which categories that the objects have fallen into. Table 3 lists the best-fit DUSTY parameters (T eff , T d , and τ2.2) for the objects with good fits. The SEDs and DUSTY model curves with the smallest sum of least-square values are shown in Figure 3 .
Single-Peaked SED Profiles
The SEDs of OH 12.8−0.9 and IRAS 18455+0448 could be fit by single-peaked DUSTY models which look similar to the AGB stars, but they are still distinguishable because peaks of these WF SEDs are shifted to the mid-infrared region. This shift is preliminary due to the large amount of cold dust in the thicker envelopes, which also accounts for their large J − K colour. The fact that these two WFs could be fit by the one-dimensional code means that they are probably having envelopes which are close to spherical. Recall that WFs are objects associated with bipolar jets that can be traced by H2O maser emission. Intuitively they must be aspherical objects. However, the physical length of one side of the maser jets are typically of order 10 2 -10 3 AU as mentioned earlier, but the envelope of a standard AGB (Habing 1996) . Hence, if no other form of large aspherical feature is present (see Section 4), it is possible that even though a WF jet has already formed, the outer part of the envelope, which can be observed in mid-to far-infrared, still remains spherical.
The relatively low T eff (2200 K) of OH 12.8−0.9 is similar to those of the control AGB stars, indicating this object is likely still in the AGB phase. The H2O maser velocity coverage of this object is relatively small within the WF class, ∼48 km s −1 ; and the three-dimensional jet velocity is estimated to be 58 km s −1 (Boboltz & Marvel 2007) , which is the slowest jet found in WFs. Jet acceleration was observed to be happening for this object, and therefore it is suggested to be a relatively young WF (under the assumption that jets may accelerate as they develop).
IRAS 18455+0448 was reported as a low-velocity WF candidate with velocity coverages <40 km s −1 (Yung et al. 2013) . Its 1612 MHz OH maser profile was analyzed by Lewis et al. (2001) , and found that the double-peaked feature had been fading over a period of 10 years; this object was argued to be a very young post-AGB star. Its H2O maser emission was further analysed by Vlemmings et al. (2014) via interferometric observations which confirmed its WF status. IRAS 18455+0448 has a higher T eff (4400 K) than the AGB stars, implying that it could be slightly more evolved, which again agrees with the discussions in Lewis et al. (2001) and Yung et al. (2013) . Similar to OH 12.8−0.9, the H2O maser kinematics and the SED profile of IRAS 18455+0448 give the same prediction that this object could be a younger member of the WF class.
Doubled-Peaked SED Profiles
There are two WFs with double-peaked SEDs that could be arguably fit by DUSTY. The double-peaked profile is a characteristic of post-AGB stars as mentioned earlier. Both WFs have larger optical depths than the control AGB stars, which is another hint that they could be more evolved objects with thicker envelopes.
IRAS 18113−2503 has the largest velocity coverage (∼500 km s −1 ) of H2O maser emission amongst all the WFs (Gómez et al. 2011 ). The three-dimensional jet velocity is not known, but from this large spectral velocity coverage it is possible that this object has the fastest WF jet. No OH maser observation has been done toward this object, so the kinematical condition of the outer envelope is not known. We considered the SED of this object as marginally fit, because the model curve is able to reproduce the general line shape and the double-peaked feature with a brighter cold peak. Nonetheless, the deviation from some data points indicates that the envelope is perhaps not totally spherical. Gómez et al. (2011) proposed that this object is a post-AGB star, based on the infrared characteristics.
IRAS 19356+0754 is a WF candidate that has a rather irregular OH maser profile (Yung et al. 2014) . Its IRAS colours suggest that it should be a (Mira) variable star at the end of the mass-loss phase which has a very thick oxygenrich envelope (Region IV in van der Veen & Habing 1988 ). These properties show that the object should be a late/post-AGB star. However, the best fit DUSTY model for the SED gives T eff ∼ 2000 K, which is unexpectedly low for such evolved object. It is possible that this star is undergoing a third dredge-up, which would significantly cool down its effective temperature due to the sudden increase of the atmospheric opacity (e.g., Herwig 2005) . More evidences are needed to confirm the true status of this object.
SED Profiles without Good Fits
No good fits from DUSTY models could be obtained for 13 WFs or WF candidates. Some of them are known to have well-developed bipolar structures in infrared wavelengths, such as IRAS 15445−5449 (Lagadec et al. 2011; Pérez-Sánchez et al. 2011 and IRAS 16342−3814 (Sahai et al. 1999) . The deviation from the DUSTY bestfit model is mainly due to the non-spherical structure of the envelopes. It is found that more than half of these unfit SEDs have near-infrared deficit when comparing to the model curves. The objects showing this feature are IRAS 15445−5449, IRAS 16342−3814, IRAS 18460−0151, IRAS 19314+2131, and IRAS 19190+1102 (see Figure 3) . Using IRAS 16342−3814 as a case study, Murakawa & Izumiura (2012) suggested that this type of SEDs could be reproduced by a model consists of a spherical AGB envelope, an optically thick torus, and a bipolar jet. This is a typical post-AGB star structure, and that means most of these unfit WFs could have already evolved into the post-AGB phase, except for the known example of W 43A (Imai et al. 2002 ) and a possibly new example IRAS 18056−1514 (see below), which seem to be AGB stars with aspherical envelops.
The three objects IRAS 16552−3050, OH 16.3−3.0, and IRAS 18596+0315 are a bit different from the above. The near-infrared fluxes of the former two objects reveal plateau features which are brighter than the model curves (see Figure 3) . This near-infrared excess could be a result of hot dust, the existence of circumstellar disks (e.g., Gezer et al. 2015) , or from possible hot companions. IRAS 18596+0315 shows not a plateau in near-infrared range, but an increasing slope toward the shorter wavelength (Figure 3) . It is unsure whether this feature is reliable due to strong extinction. Its WF status was first suggested by (Engels 2002 ). An interferometric observation of the OH maser reveals a slightly bipolar structure (Amiri et al. 2011) , and again this is a signature of the envelope departing from spherical symmetry.
It is difficult to judge whether IRAS 15544−5332 has a good SED fit or not. The reason is that most of the reliable data points are clustered in a relatively small midinfrared range, and the near-infrared data points are not quite reliable due to strong extinction (Figure 3) . Therefore the result is inconclusive but we conservatively put it as an unfit case. This is a WF candidate with only one H2O maser emission peak found outside the velocity coverage of its OH maser, which has a slightly irregular double-peaked profile (Deacon et al. 2007 ). An irregular OH maser profile indicates that the outer envelope has been disturbed (e.g., by jets) so that it is no longer spherical (Zijlstra et al. 2001) . In this case, the envelope might have just started to depart from spherical symmetry, thus the double-peaked OH maser profile has not been totally broken down. The SED profile tells a similar story, as the merely-fit model curve could imply that the possibly detached/detaching AGB envelope is about to become aspherical.
IRAS 18056−1514 is an odd case here. No good fit is obtained but the closest model curve is single-peaked and looks like that for OH 12.8−0.9. There is no further study regarding IRAS 18056−1514, and in fact its WF status remains very doubtful. It is because its only H2O maser emission peak that was found outside the OH velocity range (Yung et al. 2013) , was not present in a later observation (Yung et al. 2014 ). This object is likely to be a late AGB star according to the infrared colours, and this agrees with its single-peaked SED profile.
DISCUSSION
We have shown that good DUSTY fits could be obtained for some WF SEDs which imply spherical envelopes, but others are likely associated with aspherical envelopes. The results suggest that even though all WFs possess maser jets with apparently similar dynamical ages, the objects could be coming from different stages of morphological metamorphosis. Since this change in morphology is known to be closely related to the evolutionary status, our results also imply the fact that WFs could have different evolutionary statuses. This fact agrees with other evidences such as the colours of the objects. Note that it might be difficult to determine whether the SED fits are good for several WFs, but the remaining unambiguous cases are sufficient to support the above ideas. There are several details require deeper exploration regarding the role of WFs. In this section we will discuss the problem about the definition of dynamical ages, and also the possible relationship between WF jets and other types of outflows.
Dynamical Age
The main reason that WFs are being regarded as objects started to deviate from spherical symmetry is the short dynamical ages of their jets. This contradicts to the results of the present study. If WF jets really indicate the earliest moment of such envelope morphological change, we expect that a majority of WFs would still have rather spherical envelope. It is because the WF jets are small in scale (see Section 1) and hence they probably could not disturb the outer infrared envelope so much within less than 100 years. We suggest that this contradiction arisen from the method that has been used to define and estimate the dynamical ages of WF jets.
The usual method is to perform multi-epoch very long baseline interferometry observations to measure the proper motions on the sky plane of individual H2O maser features (see, e.g., Imai et al. 2007; Yung et al. 2011) . Then the jet dynamical age is estimated from the observed spatial extent of the jet (traced by the maser feature distribution) and the jet velocity on the sky plane. However, whether this is the real age of the jet is not guarantee. This method of estimation assumes that the maser features are able to trace the tip of the jet. In fact, the maser features could be tracing only the innermost part of the entire jet. It is possible that the tip of the jet have arrived at the more outer region of the envelope, but cannot be seen in maser observations. This could happen because H2O molecules are more abundant in the inner region (within hundreds of AU from the central star) of the envelope and hence easier to be observed via maser emission.
The dynamical age calculated with the above method therefore does not have a real physical meaning, and hence not all WFs are really the "transitional objects" that we have been looking for. Furthermore, it is actually questionable whether the larger jets or bipolar structures observed in infrared images (e.g., Lagadec et al. 2011 ) must be developed from smaller jets such as the WF jets. Nonetheless, this class of object is still very valuable because the maser emission allows us to inspect deep into the root of the bipolar jets, which could provide essential physical constraints for understanding the jet formation mechanism.
Torus
According to our results, WFs could be objects from different morphological metamorphosis stages. In this subsection we try to speculate how this could be possible. We should note that jets are not the only type of aspherical outflow that affects an envelope's morphology. Observations have shown that an AGB/post-AGB star with bipolar jet is very likely to be associated with a torus. The torus is suggested to be appeared quite "suddenly" within a short time, and the jet is formed almost simultaneously or shortly after the formation of the torus (e.g., by a few hundred years, Huggins 2007). Here the "jet" does not refer only to the specific smallscale WF jets, but also stellar jets in general which could be much larger in scale. Such a torus-jet configuration is currently best described by the existence of a binary component around the primary AGB/post-AGB star (see, Huggins 2007 , and the references therein).
If this is the case, then the WFs are expected to be associated with torii as well. In fact, the existence of torii has been proposed for W 43A (Imai et al. 2005) according to the distribution of SiO maser, and for IRAS 16342−3814 (Verhoelst et al. 2009 ) because of the "dark waist" observed in mid-infrared images. IRAS 18286−0959 has a few out- Figure 4 . Schematic view of a possible evolutionary sequence starts with (a) the formation of a torus, followed by (b) a water fountain maser jet, and then (c) a larger jet. Note that it is unclear whether the small-scale maser jet must exist earlier than the larger jet, or they could coexist from the beginning.
Step (b) might be omitted.
lier H2O maser features observed in the equatorial region (Imai et al. 2013a ), which might be related to a torus as well. There is no such evidence found for other WFs so far, however, we suggested that some of the unfit SED could be resulted from a well-developed torus feature. As discussed in Section 3.2, both of our control post-AGB stars IRAS 07134+1005 and IRAS 22272+5435 are known to have a torus but only the former has an unfit SED by DUSTY. This is very likely related to the size of their corresponding torii. In addition, the near-infrared plateau features observed in some WFs mentioned in Section 3.3.4 could also be related to disk-like features (Gezer et al. 2015) , and/or hot companions. Figure 4 shows a possible scenario putting the torus, WF maser jet, and the larger jet together. Note that even though it has been vastly believed that jets grow from smallest sizes (see Section 1), there is in fact no concrete evidence showing that this is the only possible way for jets to develop. The only evidence is perhaps the existence of WFs with spherical envelops (Section 3.3.2) which show that no larger jet structure is present yet, but this evidence alone is not strong enough to be conclusive. Therefore, step (b) shown in Figure 4 may not be necessary. If this step does exist, then some of the WFs may really be objects possessing young jets; if this step does not exist, then there is no way to tell from the WF jets the real age of the entire jet. In either case, the WF jets trace the innermost part of the entire jet in this scenario.
Extreme-Outflow
Another type of outflow is the molecular jets that can usually be traced by thermal line emission from CO molecules, to which Sahai & Patel (2015) has coined the term "extremeoutflow". These jets could have velocities >100 km s −1 , similar to the WF jets, but with larger physical sizes (see Section 1). The relationship between WF jets and extremeoutflows is unclear because so far the latter has not been detected toward the WFs, and this is probably due to sensitivity constraints and foreground/background contaminations (Rizzo et al. 2013 ). However, a comparison on the jet orientations of WF jets, extreme-outflows and the large infrared bipolar structures may give us some hints.
It is found that the orientations of the extreme-outflows align with the possibly bipolar envelopes of the corresponding objects as shown in the optical/infrared images (Olofsson et al. 2015; Sahai & Patel 2015) . The estimated momentum of the outflow was too large to be supported by radiation pressure from the central star, and hence a mechanism driven by binary system is more plausible (Sahai & Patel 2015) , similar to that discussed in Section 4.2. Therefore it is likely that the extreme-outflow has direct connection to the shaping of such aspherical envelopes. Similarly, for the WFs IRAS 15445−5449 (Pérez-Sánchez et al. 2013) , IRAS 16342−3814 (Sahai et al. 1999) , and W 43A (Imai et al. 2002) , the spatial extent of their envelopes in infrared images (even in optical for the case of IRAS 16342−3814) align very well with their corresponding WF maser jets. Other WFs are either unobserved or unresolved in infrared imaging.
From these comparisons, it is not surprised that both extreme-outflows and WF jets have a connection to the large bipolar structures. An intuitive guess is that these two types of jets could even be aligned. However, we arrive at the same problem, i.e., whether the smaller WF jets are the younger version of the larger extreme-outflows. If this is true, then the extreme-outflow might represent a chronological stage somewhere between (b) and (c) in Figure 4 , but we have no sufficient information to examine this.
CONCLUSIONS
The various morphologies of PNe are suggested to be shaped by high velocity bipolar jets from (late) AGB and post-AGB stars. It has been widely believed that such jets are developed from tiny young jets such as those from the WFs. Hence WFs are regarded as objects representing the onset of the morphological change of envelopes. However, there is no concrete evidence supporting this hypothesis. We performed a collective study of SED profiles by fitting one-dimensional dust radiative transfer models generated by the DUSTY code. Our objects included the confirmed WFs, as well as a few WF candidates (17 objects in total). We have also studied some known AGB and post-AGB stars as control objects. Our findings are summarized as follow.
(i) The SED profiles of two WFs could be fit by singlepeaked DUSTY models which are all peaked in the midinfrared range. Another two could arguably be fit by doublepeaked models resembling those for the post-AGB stars. No good fits could be obtained for the remaining 13 WFs; more than half of these objects exhibit double-peaked line shapes with the near-infrared peak significantly weaker than the farinfrared peak. The results confirm that WFs could possess different envelope morphologies and hence it is unlikely that they must be objects just started to deviate from spherical symmetry as previous believed.
(ii) The short dynamical age of WFs have no real physical meaning, and it cannot be used as an evidence to claim that WF jets must be young. WF jets could be the innermost part of well-developed larger jets.
(iii) The role of the WF jets are discussed together with other common aspherical envelope components such as torii and the molecular jets revealed by CO thermal line emission (the "extreme-outflows"). According to existing observations and theories, it is likely that the torii will be formed ahead of the jets, but whether there is any chronological relationship between the WF jets and the extreme-outflow is unclear. Both types of jets are shown to be correlated with the largescale bipolar structure revealed in infrared observations for some objects.
The present work is also the pioneer collective study of WF envelopes by simple but effective one-dimensional radiative transfer models. We suggest that this approach will be useful for future statistical studies of larger number of stellar maser sources. 
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